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AHHoOTanus. J[J1s1 TUHEHHON CTallMOHAPHON JMHAMHUYECKON CUCTEMbI C OJTHUM BXOJOM
u MHOorumH Beixogamu (Single Input Multi Outputs System — SIMO-system) monyueHa
KOMITaKTHasl aHaUTU4YeCKass (popMyiia BEIYUCICHUS] KOI(PPUIIMEHTOB 0OpaTHOW CBA3U
(MaTpuibl perynsaropa) MpU pPEeUICHUHM 3aJauyd CHUHTE3a JMHEWHOIOo YMpaBICHUH IO
IIOJIHOMY BEKTOpPY COCTOSIHHA. B OCHOBY €€ TMOJydeHHs TOJOXKEH METOJ
MHOTOYPOBHEBOW J€KOMIIO3MIIMM MOJEIH CHCTEMBl NPH CHHTE3€ MOJAIBHOIO
yIOpaBJIeHUs (33aHHOTO pa3MEIEHUs COOCTBEHHBIX 3HaYEHUH, MOJIIOCOB) U U3BECTHOE
CBOMCTBO  OOpaTHOW  MaTpulUbl  YOPaBISIEMOCTH  JIMHEWHONW  CTalMOHAPHOMN
IUHAMUYECKOM cucTteMbl. OCHOBHbIE TpeoOpa3oBaHUs B YKa3aHHOM  METOJIE
BBITIOJIHSIFOTCSL C MCTIOJIB30BAHUEM MATPUYHBIX JEJUTENCH HyNs, T.€. MPAMOYTOIbHBIX
MaTpull, AHHYJIMPYIOIIKUX UX MPOU3BE/ICHUE C 3a/IaHHBIMU MaTpUIIAMHU.
CdopMmynupoBaHbl U JOKa3aHbl ABE JIEMMbl U TeOpeMa, Ha 0a3e KOTOPHIX pelieHa
MOCTaBJI€HHAsl 3ajaya CHUHTE3a CKaJspHOro ympasieHus. I[Ipeaino’KeHHbI MNOaX0[
MO3BOJIAET OCYUIECTBJIATH TOMCK 3aKOHA CKAaJIPHOTO YIpaBieHus 0e3 ero
IIPOMEKYTOUHOI'O BBIYMCIEHUS HA KaKIOM YPOBHE JIEKOMIIO3UIMU U COOTBETCTBEHHO
MCKJIIOYaeT BO3HUKHOBEHHUE IJIOXO OOYCIOBJIECHHBIX MAaTpPUIl HA TMOCIEIHUX YPOBHSX
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JCKOMIIO3ULIMA TPU HCTOJNB30BAHUM YHUCJIOBBIX MATpPHIl, OMMCHIBAIOLIIUX OOBEKT
yTIpaBJICHHUSL.

[Ipu 3agaHHOM pa3MelieHur COOCTBEHHBIX 3HaueHUM 3aMkHyTOH SIMO-cuctemsl
noimydeHHas (opMmyna coBmagaetr ¢ ¢GopMmylol AKkepMaHa, e€cid Kod3()PUIMEHTHI
KEJIAeMOTO XapaKTePUCTUIECKOTO MOJMHOMA BBIPA3UTh Yepe3 COOCTBEHHBIC 3HAUCHUS.
CoOTBETCTBEHHO, TIPUBEJCHHBIC B CTaThe BBIKJIAJKH SBISIOTCS albTEPHATUBHBIM
METOJIOM JI0Ka3aTeIbCcTBa (opMysbl AKKepMaHa.

Ha npumepe ynpasieHuss 00beKTOM UYETBEPTOTO MOPsIIKA, TPHU PEUICHUH 33a4H O
CTaOMIM3aui MPOJOIBHOTO JABMXKEHHS KOCMHUYECKOTO ammapara B aTMocdepe 3emin
OTHOCHUTENIFHO HOMHHAJIBHOM TPaeKTOPUU C TMOMOIIbI0 HM3MEHEHHUs Yyrja KpeHa,
nokazaHa Y(PQPEKTUBHOCTh MONydeHUs] KOA(PQPHUIMEHTOB OOpaTHOW CBsI3U (MATPHIIBI
PEryJIATOpa) C IOMOINBIO YKa3aHHOW aHATUTHICCKOU (DOPMYIIHI.

Kuarouesbie cioBa: nuneiinas SIMO-cuctema, mpocTpaHCTBO COCTOSIHHIMA, pa3MeleHUE
MIOJIFOCOB, MHOTOYPOBHEBasl JIEKOMIIO3UIUS, PETYJISATOP IO TMOJIHOMY BEKTOPY
COCTOSIHUSI, aHalTuTU4ecKas popmyiia

1. BBenenue

Cpenu  pa3nMWYHBIX  HANpPABIICHUH  TEOPUW  YIPABICHUS JTHHAMUYCCKUMHU
CHCTEMaMH, OCHOBAHHBIX Ha METOJIC MPOCTPAHCTBA COCTOSHHM [1], MOXXHO BBIIACIHUTH
7Ba MOJAX0/a, MOJYYMBIIUX HAHOOJIbIIEE PACIIPOCTPAHCHUE B WHIKCHEPHOU MPAKTHKE.
OnvH W3 HUX COJEPKUT METOJbI ONTHMHU3AIMH JIWHAMHUYCCKONH CHCTEMBI ITyTeM
CBEJICHUSI K MUHUMYMY HEKOTOPOro (pyHKIIMOHAJIa (OOBIYHO MHTErpaia OT Kakoh-110o
KBaJ[paTUIHON (OPMBI), XapaKTepu3yromero kauectso ympasieHus [2] — [4]. Hpyroii
CBSI3aH C METOJJaMU MOJIAIBHOTO CUHTE3a — aHaJIN3a TUHAMUYECKUX CBOHCTB CUCTEMBI U
dbopMUpOBaHUS 3aKOHOB YIPaBIEHUS C OOPAaTHON CBS3bIO, MPUAAIOIINX 3aMKHYTOU
CHCTEMe 3apaHee BBIOpaHHOE pacmpe/e/ieHHe COOCTBEHHBbIX 3HaueHui [5], [6]. Ot
4aCcTOTHOTO MeToja, D-pa3oueHus, kopHeBoro rogorpada [7], [8] merox nmpocTpaHcTBa
COCTOSIHUH OTJIMYAIOT MPUHIMIIAAIBHO WHBIE BO3MOXXHOCTH. OH TO3BOJISIET CYAHUTH O
TOM, JOCTH)KMMA JIH TeJIb YIpaBicHHs (TIOHATHE YIPABISIEMOCTH), OIPEICIUTh
HEOOXOAMMBIA COCTaB u3MepuTeNel (TOHSITHE HaOII0JAEMOCTH), CHHTE3UPOBATh
yrpaBlieHue (CTaOMIM3UPYEMOCTh, IETCKTUPYEMOCTh, 3alac YCTOWYHMBOCTH) M TaK
nanee [9] — [20].

OmHUM H3 TEPCIEKTUBHBIX METOJ0OB MOJAIBHOTO YIIPABJICHUS, [0 MHEHHIO
aBTOPOB, SIBJIICTCS METOJl, OCHOBAaHHBIH Ha MHOTOYpOBHEBOW Ackommosunmu [9]. OH
MO3BOJIIET CHUHTE3MPOBATh 3aKOHBI YIPAaBICHHUS B aHAJUTHUYECKOM BHIE U HE
OOpEeMEHEH pa3IMYHOrO pOAa OTPAaHMUYCHHUSMHU, BKJIIOYAs aidreOpandecKkyro u
r€OMETPUYECKYI0 KpaTHOCTh Ha3HAuyaeMbIX COOCTBEHHBIX 3HA4YCHUH (IOJIOCOB),
pa3MEepHOCTh MPOCTpaHCTBA coctosiHW W np. [9]. OmHako mnpuUMEeHEeHWue MeToja
MHOTOYPOBHEBOW JICKOMITO3HUIIMU ISl JIMHEHHBIX CTAllMOHAPHBIX JUHAMUYCCKUX
CHCTEM C OJHMM BXOJ0M M MHOrMMH Bbixogamu (Single Input Multi Outputs System —
SIMO-systems) [10] B cumay TOro, 4ro 4YHCIO YpPOBHEH JIEKOMIIO3HMIIUK PaBHO
Pa3MEpHOCTH BEKTOPAa COCTOSIHUSI CHCTEMBI, MPHUBOAWT K JIOCTaTOYHO TPOMO3IKHM
AHATUTHICCKUM (CUMBOJIBHBIM) BBIPAXCHHSIM, 3aTPYIHSIONUM UX ynpolieHue. Llenbio
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JAaHHOW CTaThbU SIBJSIETCS TOJIyY€HHWE YHUBEPCAIbHON (eauHOMN) (opMmynbl cCHHTE3a
perysaropa st SIMO-cuctemsl Ha OCHOBE METOZJa MHOIOYPOBHEBOM IEKOMITO3UIIUH, B
KOTOPOW OTCYTCTBYET COOCTBEHHO ITPOLIECC IEKOMITO3ULIUY.

2. OCHOBHOI1 pe3yJbTaT

PaccmoTpuM 3amayy MOJAIBHOTO YIPaBIEHUS 10 COCTOSHHUIO IOJHOCTBIO
ynpasinsiemoit SIMO-cuctemsl Buga

X = Ax + Bu, (1)

rank[ B | AB |K | A™'B]|=n, )

rJIe X — BEKTOP COCTOSIHHSI pa3MEPHOCTH N; U — CKAISIPHOE YIIPaBJICHUE, OTPEICIsIeMOe
B COOTBETCTBHUH C 3aKOHOM OOpaTHOM CBSI3U

u=-Kx. (3)
Marpuriet A u B B dopmynax (1) u (2) uMeHyIOTCS MaTpUIIAMH COCTOSIHHS |
yIIpaBJICHUS] COOTBETCTBCHHO, a MaTpuiia K B 3akone (3) — marpuiieii perynsropa.

Kak ormeueHo paHee, OyaeM UCIONB30BaTh TOAXOJl, OCHOBAaHHBIA Ha
MHOTOYPOBHEBOW JCKOMITO3MIIMKA HcXoaHoW cuctembl [9], [12], cyre koToporo
3aKITI0YAETCS B CIICAYIOICM.

1. Onpenensgercd 4UCIO YPOBHEH JEKOMIIO3MIMHM, Kak OJjmxkaiiiee K OoJblIeMy

I[EJIOMY OTHOIIICHHS Pa3MEPHOCTEH MPOCTPAHCTBA COCTOSSHUIA N W YIPaBJICHUS I

L =floor(n/r). B cnyuae SIMO-cucremsi (1) r =1 u, cnenosarensuo, L=n.

2. Ha kaxxJ1oM ypoBHE JE€KOMIIO3UIIUN BBIYUCIISIOTCS MATPHIIBI
015 HYyne8020 (UCXOOHO20) YPOGBHS

A,=A, B,=B, (4)
05l Nepeo2o YPOBHS
A =B'AB'**, B,=B'AB,..., (5)
ons (L —1)-20 (koneunozo) ypoens
AL—lth—ZAL—ZBth’ BL:BJL_—lAL—lBL—l' (6)

3. Ha3znauarorcst Takpe cCOOCTBEHHBIC 3HAYECHHUS I KaXKA0ro YpoOBHA ACKOMIIO3UIIMHN

D=0 ={d,}, D, ={d,}, ... ®_,={d,},

uto (Jeig(®, ,) — xenaemoe MHOKECTBO COOCTBEHHBIX 3HAYEHUH 3aMKHYTOM CHCTEMBL.
i=1
4. Ha ocHoBanuu (opmyi (4) — (6) BEIUKCIISAIOTCS MaTPHUIIBI

K= Bt—lAL—l - (I)L—lBt—l’ (7)
K,=B;A,-®B,, B =B +K,B;",..., (8)
K=K,=B,A-®,B,, B,=B;+KB,". (9)

[Tpu sTom st 3amkHyTOM cucteMsr (1), (3), (7) — (9) BeimosIHSAETCSI paBEHCTBO
L
eig(A-BK)=Ueig(®,,).
i=1

3nech W nanee BepxHMHA wWHAEKC « 1 L» oOo3Hauaer neBbIl JenuTens HyIs
COOTBETCTBYIOIICH MATPHIIbI, & «+» — OMepanuio ncesaoooparieHus [9].
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HpI/I HCIIOJIb30BAHWH BbINIC HM3JIOKCHHOIO IOAXO0da K CHHTC3Y MOJAJIbHOI'O
YHpaBJICHUSA, OCHOBAHHOI'O Ha MHOFOYpOBHCBOﬁ JCKOMITO3MIIH PICXOI[HOfI CHUCTCMBI,
CIIPAaBCJINBLI CJIICAYIOIIHUC JICMMBI.

Jlemma 1. Ilycts, kak u panee, A,, B, — MaTpuipl COCTOSIHUS U YIIpaBJICHUS Ha
HYJICBOM ypoBHe jaekommnosunuu (4), A;, B, — cooTBeTCTByIOIIME MAaTPHUIIBI HA TIEPBOM

ypoBHe nexommnosuimu (5), a b — HwkHas crpoka Matpumbl U.', obOpaTHOH K
MaTpUIIEe YIPABISIEMOCTH NIEPBOTO YPOBHS
! ! i AN-2
U1:|:Bl AB KA Bl:|'

Torma mis nenoro yncna i =0, 1, K, n—1 cnpaBeyimBo paBeHCTBO
HTAIRLL blTBgLAfO, i=0,1 K,n-2
P | b/BEAL -B!, i=n-1.

Jloka3aTejibCTBO
JlokaxkeM JieMMy METOJIOM MaTeMaTUYeCKOW MHAYKIIUHU 10 YUCITY | .
[Tpu 3Hauennu | =0 emMma BepHa:

T 1L Tpll
b,1..,B; =b,B,"1,.
3nech |, — enuHMYHas MaTpuua nopsaka n.
JlomycTum, 4To JieMMa BepHa rpu 3HadeHun 1 =K, rme 0<k<n-2, r.e.
TAKkpLL _ ITpLL Ak
b, A;B, =b,B; A,.
[Tokaxkem, 4TO TOrIa OHA BepHa W mpu 3HadeHud |=K+1. JInsg BBIBOJA HCKOMOTO

TOXKJIECTBA IIOMHMO 3allMCAaHHOTO PAaBEHCTBAa OyJeM HCIOJIb30BaTh COOTHOIICHUS
MIEPBOTO YPOBHS JCKOMITO3UIIMU B cOOTBeTCTBUH ¢ [9], [12]
_plL L+ _pll
A =B, AB,", B,=B,"A,B,
¥ CBOWCTBAa MATPUYHBIX JCIUTEICH HYJS M TMCEBIOOOpPATHBIX MATPHII, JOKa3aHHBIX B
[91,
+ ll+plL
B,B,;+B, B, =1,.
B cOOTBETCTBUH C onpesieleHreM b, umeem
bTAKB. — Ompuk=0, 1, K, n-3;
1=
lopuk=n-2

C y4€TOoM IIpeACTABIECHHBIX PABEHCTB MOJyYUM
b AY"B; =b]AIB;"A,B, "B, =b] A{B; A, (1, —B,B; ) =b/A (B;*A, —B,B; ) =

b/ AB;"A, mpuk =0, 1, K, n=3; [b/B*Af* mpuk +1=1, 2, K, n—2;

|bJA'BEA, -B mpuk=n-2;  |b/BI*AY —B! mpuk+1=n-1.
JleMMa joka3aHa.
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Jlemma 2. ITycts xak u npexae A,, B, — maTpuiel cocTosiHUS U yIpaBiIeHUs HA
HYJIEBOM YpOBHE JekoMmnosuiuu (4), A;, B, — COOTBETCTBYIOIINE MATPHIIBI HA TIEPBOM

ypoBHe (5).
Torna 11t 11060T0 HATYPATBHOTO YKCA | CIPaBeJIMBO PABCHCTBO

Bi*AIB, = Ii(Alj B,B;A, B, ).
j=0

I[OKaZiaTeJII)CTBO
]_IOKa}KeM JEMMY MCTOAO0M MaTEMaTHYECKOM HHAYKIOHUN 110 YUCITY i, YUUThIBAA
CICcayromunue COOTHOMCHUA:

1L 1L+ 1L
A =B,"A,B,", B,=B, A,B,
(w3 mexommosutuu [9], [12]),
B,B; +B;"B," =1,
(kak ¥ TIpeXe, U3 CBOMCTBA aHHYJISITOPOB U ICEBIOOOPATHBIX MATPHIL, JOKa3aHHOTO B

[9D).

[Tpu 3HavyeHuu | =1 jJemMMa BepHa, IEHCTBUTEIBHO,
ILAlp . AD +A0D
B,"A,B,=AB,B,A,B,=B..
Jlomyctum, 4TO JieMMa BepHa npH 3HaueHun | =K . [Tokaxkem, 4To Toraa oHa BepHa
u nipu 3HaueHuH | =K +1. Mmeem

B;"Ay'B, =B,"A,(B,B; + B, By )AiB, =(B,B; + AB," )AlB, =

k-1 ] ] k ) ]
=B,B,AlB, +A,> (AJBB,AL B, ) =BB;AIB, + Y (AJBB,AI B, ) =
j=0 j=1
k . .
=Y (A/BB;Ay'B,)
j=0
JlemMMa nokazaHna.

Teopema. 3amana nomHocThio yrpasisemas SIMO-cucrema (1) ¢ pa3MepHOCTBIO
npocTpancTBa coctosuuii N. [Tycts A, B — MaTpuIlbl cOCTOAHUS U yIpaBieHus, a b’ —
HukHAsA (N-1) cTpoka Matpuisl U™, 06paTHOI K MaTpHIlE YIPaBIseMOCTH

U=|B|AB K |A"B]

Marpuia peryastopa K B 3akone ynparienus (3), oOecrneunBaromas MaTpHile

COCTOSTHUSI 3aMKHYTOW CHCTeMbl «00bekT — perynstopy A—-BK cobcrBenHbIie
3HAUYCHUS {d)l, 9, K, ¢n}, MMEET KOMITAaKTHBIN BH]T
n
.
K=b"TJ(A-¢1,). (10)
i1
Jloka3aTejibCTBO

Hcnomnp3ys aHAIMTHYECKHH METOJ CHHTE3a MOJAIbHBIX peryisTopoB [9],
JOKQXXEM TEOPEMY C MOMOUIBIO MATEMATUYECKOW HHAYKIIMH 10 YUCTYy N .
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[Ipu 3Hauenun N =1 Teopema BepHa:
K= B‘l(A —dl,).
JlommycTuM, 4TO Teopema BepHa IpH 3HadeHnu N =K. [Tokaxkewm, 4TO TOT/Aa OHA

BepHa ¥ mpu 3HadyeHMH N=K+1. MaTpuma peryisaropa Ha HYJEBOM YpPOBHE
JEKOMIO3UIIUH PACCUUTHIBACTCS U3 COOTHOIICHUS

- . 1L
Ko = Bo (Ao _¢k+1|k+1)’ Bo = Bg + KlBO .
Matpuna peryndaropa Ha NepBOoM ypoBHe aekommoszuuuu K, mpencraBiser coboi

pelIeHne paccMaTpHBaeMoOil B TeopeMme 3amaud i ciaydas N=K c¢ Mmarpunamun
coctosiHud U ynpasinenus A, B;. Takum ob6pazom,

k
B, =B; +| by [ (A —¢;1,) |Bo",
j=1

rae b, — nwxnas (K-s1) crpoka Matpuisl U], 06paTHOI K MaTpHIle YIPaBIsSEMOCTH

U,=[B, | AB, |K | A"B, |.

3anuiieM MaTpUYHBIA MOJMHOM C TOMOUIBI0 KOA(D(PHUIIMEHTOB, SBISIOLIMXCS

KOMOUWHAIUAMH KOPHEU B KEJIAEMOM CHEKTpE:
k

[T(A -1, )=Al +a A +K +a A +agl,.

j=L
Torma B cHily 1€EMMBI 2 MOJIYYUM
k
- _RhTRLL( Ak k-1 TRl
B, =b, By (Ao +a,, A tK +a A, +al k+1) =b, B, H(Ao _¢j I k+l)
j=1
H, CJICA0BATCIIHHO,

K+1
Ko = blTBoLLH(Ao - d)j I k+1)'
j=1
OcTasock nokasath, 4to Bektop b, B," cosnanaer ¢ nmkueit ((K +1)-oii) cTpokoit
matpuisl Uj', 06paTHOl K MaTpuIle yHpaBisSeMOCTH
Us :[Bo  ABy 1 K AgBo]-
B cuny nonHoit ynpasnsiemoctu SIMO-cucteMsl 3Ta MaTpuila oOpaTuMa U ypaBHEHUE

51U-19,5, K, § 4

k+1 smement

MMeeT €IMHCTBEHHOE pellleHHe OTHOCUTENbHO BekTopa bJ. Takum o6pasom,
T L
JIOCTATOYHO MOKa3aTh, uTo Bektop b Bo" ymoBneTBopseT 3amucaHHOMY ypaBHEHHIO
L
HE3aBUCHMO OT BBIOOpa aHHyNATOpa By~ . PaccMOTpUM IIpoM3Be/IcHME
TplL ! ! N
biB,"[B, | AB, | K | ASB, |.

B cuity cBOMCTB JIEBOTO IETUTEINSI HYJISl M ICEBAOOOPATHON MaTPUILIbI
1L _ + —
Bo Bo = ka(k+1)’ Bo Bo =1,

Ha OCHOBAHMH JIEMMEI |1 1 TOXICCTBA
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Ompui=0,1 K, k-2,
lopui=k-1,

blTAilBl = {

BBITCKAIOIICT'O U3 OIPCACIICHNA BCKTOPA b;r , 3alIMIIEM
b/B,"B, =0,
b/B;"A,B, =b;B,"A’B, =K =b/B;"A{ "B, =0,
b/B,"AB, =b]AI"'BB;AB, =1.
HOJ‘Iy‘{eHHBIe COOTHOIICHUS IMMOATBECPKAAIOT CIIPABCJINBOCTL PAaBCHCTBA
b/B;" =b]

N JOKA3bIBACMOTI'O IJIA ClIy4dasd n= k +1 TOXKACCTBA
k+1

K:bTH(A—q)jlkﬂ).

Teopema nokasana.
3. lIpumep

PaccmoTpum 3amady ynpaBieHUs MPOJOIBHBIM JIBUKEHUEM KOCMHYECKOIO
anmapara (KA) B armocdepe 3emsn. Cuurtaercsi, 4TO HUMEETCS HOMHHAJIbHas
TPaeKTOpUsI JBUXKEHUS M TpeOyeTcs OTCICKUBAHUE HOMHUHAIBHOW TPACKTOPUU C
MOMOIIIBIO yrpaBieHus yriom KpeHa KA. B 3ToM ciaydae BEKTOp COCTOSHMUS B
cootrBeTcTBUH ¢ (1) OymeT mpeacTaBisITh COOOW OTKIIOHEHHUS: TI0 CKOPOCTH JIBHIKCHHS,
[0 yIJIy HAakKJIOHA TPAeKTOPHUH, MO PaguyC-BEKTOpYy MojoxkeHuss KA OTHOCHTENbHO
IeHTpa 3eMJId U 10 yriioBoi manbHOCcTH. CooTBeTcTBYIONME MAaTpuIllel A 1 B OymyT
UMETh BUJ

A: a21§a22 a230 B: b21 (11)
& & 0 0 10|
_a41§a42§a4350_ _O_

DJeMEeHTBI MaTpuIll A :[aij] (1=12,3;, j=1,2,3), a taxxke b,, B (11) 3aumcTBOBaHBI

u3 [21]. CoOTBETCTBEHHO APYTHE FIEMEHTHI MAaTPUIIBI A paBHBI
_ CcosO Vsin© V cos0

a 1 - 1 a - 1
41 r 42 r 43 r 2

rae V — ckopocth nmxkeHus KA, 0 — yron HakiioHa TpaeKTopuu, I — pacCTOSTHUE OT
neHTpa 3emiu 10 ueHtpa mace KA.
Kenaempli CIEKTP 3aMKHYTON CUCTEMbI UMEET CJICAYIOIINI OO BUT

A*:{(I)l’ ¢2! ¢3’ ¢4}- (12)

[Mpumenenne popmyst (10) k matpuniam (11) u cnextpy (12) naet BeKTop-CTpOKyY
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T
aptapi+p,  1(a, .
a, + +—| —==p,—d
21 a12 d13 312 pl,O 34 ﬁ@
K-l B+ 8 Py , (13)
b21 pl,O + d14 ﬁ@
a23 - d
13
I Bo ]
rac
) R P,
= + —= , =,
Pro= P, . o BP 2

d13 = ay,d3 —a;,8,, d14 =ay,8,, —a;,d, d34 = Qg,d, —aydy,,

a Py, Py P,y P; — KOIDGHUIMEHTHI KENAEMOro XapaKTePUCTUYECKOTO MOTMHOMA

4
4 *1 3 * 1 2 * *
0" + P07 + poo° + pro+ Py = (0 — ).

izl

4TO U TPEOOBAJIOCH MOTYUUTh.

Beipakenue (13) sABIsSeTCS aHAIMTHYECKHM pEIICHHEM 3aJadyl CTaOMIM3alHiu
IPOrPaMMHOM TPacKTOPUH MPOA0IbHOIO ABMKeHNss KA B armocdepe 3emin.

4. 3akiaouyeHue

B pabGore mms 3amaum momampHOro ympaBneHms SIMO-cuctem Ha OCHOBe
MHOTOYPOBHEBOW  JIEKOMIIO3WIIMM  TOJy4YeHa  yHHUBEpcalbHas  KOMIAKTHas
aHamuTHYeCKas (opMmysa BBIYMHCICHHUS KOI(DOUIMEHTOB 00paTHOW CBS3M (MaTpHIIBI
perynsitopa) MpH YIPaBICHUH T0 BEKTOPY COCTOSIHUA. [IpelyioKEeHHBIA IOAX0/T
no3BosigeT 11 SIMO-cucTeM OCyIIECTBISATh MOUCK CKAISIPHOTO YIpaBieHUs 0e3 ero
MPOMEXYTOUHOTO BBIYUCIICHUS HA KaX/I0M YPOBHE IEKOMITO3UIIH.

[Tockonpky mnsa SIMO-cucrem MomanbHOE YIpaBieHHE JA€T €IWHCTBEHHBIN
pe3ynbTaT, [0 CyTH, Ha OCHOBE IMOX0/Ja MHOTOYPOBHEBOW JEKOMIIO3UIIUU MOJIydeHa
dopmyna Axkepmana [22], koTopas 31eCh BbIpaKeHa He uepe3 KoID UIIUCHTHI
XapaKTePUCTHYECKOTO TMOJMHOMAa 3aMKHYTOM CHCTEMBbl YINpaBJeHHs, a dYepe3 caMu
3aJlaBaeMble COOCTBEHHBIX 3HAYEHUSI.

Ha npumepe pemienus 3amaun cTaOWIM3aluu MPOAOIBHOTO JABIKEeHHS KA B
atMocepe 3eMiu OTHOCHUTEIbHO HOMUHAIBHOW TPACKTOPUH JABMXKEHHUS C MOMOIIBIO
M3MEHEHUsl yria KpeHa TMoka3aHa 3((EKTUBHOCTh TMOJYyYEeHHUS] KOIPPUIMEHTOB
0OpaTHOMH CBSI3U PETYJIATOPA C TIOMOIIBIO MOJYISHHOH (OPMYIIBI.
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Analytical formula of calculating a controller for linear SIMO-system
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Abstract. A compact analytical formula for calculating the coefficients of
feedback (controller matrix) is obtained for linear stationary dynamic single-input
multiple-output (SIMO) system while solvingthe problem of synthesis of linear
control by fully measured state vector. This formula was obtained basing both on
the technique of multilevel decomposition applied to the mathematical model of
system while synthesizing its modal control (providing the desirable
eigenvalues/poles placement) and on widely known property of inverse matrix of
controllability in linear stationary dynamical systems. The main transformations in
the mentioned technique are being performed using matrix zero divisors that are
rectangular matrices zeroing their products with specified matrices.

Two lemmas and the theorem for solving the assigned problem have been
formulated and proved. The proposed approach allows realizing the search of
scalar control bypassing intermediate calculations on each decomposition level and
therefore eliminates an occurrence of badly conditioned matrices on the lower
decomposition levels if the control object is described by numerical matrices. At
assigned eigenvalues placement of a closed-loop SIMO-system the obtained
formula matches Ackermann’s formula if the coefficients of desirable
characteristic polynomial are represented by eigenvalues. Thus the calculations
given in the article may be considered as an alternate technique of proving
Ackermann’s formula.

The efficiency of applying the described analytical formula to calculate the
coefficients of feedback (controller matrix) is shown for the fourth-order control
object at solving the problem of stabilizing aspace vehicle longitudinal motion
relative to the nominal trajectory in the Earth atmosphere by changing the bank
angle.

Keywords: linear SIMO-system, state space, poles placement, multilevel
decomposition, controller by fully measured state vector, analytical formula
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